Introduction: The beginning of the movement sequence from standing to sitting requires the modulation of plantar flexors activity, including soleus muscle (SOL), to allow the forward translation of the tibia in relation to the foot, preserving its antigravity function. Purpose: To analyze the SOL activity during the initial phase of standing to sitting in stroke subjects. Methods: Two groups of ten subjects each participated in this study, one composed by healthy subjects and the other with subjects with history of stroke. Electromyographic activity (EMGa) of SOL was analyzed in ipsilateral (IPSI) and contralateral (CONTRA) limb to side lesion in stroke subjects, and in one limb in healthy subjects during the initial phase of standing to sitting. A force plate was used to identify the movement sequence phase.
INTRODUCTION
The adjustments in postural control to assume standing position in different sequences of movement, like walking and sitting, is the basis to perform multiple tasks that require the ability to generate postural tone. This postural tone should have an appropriate segmental distribution as well as a modulation of its variation according to the afferent input. There is evidence that the postural system, namely the ventro-medial system, is closely related to the level of soleus (SOL) muscle activity in many functional tasks (Horn, 2004) . For example, during gait, specifically in the middle stance phase, the anterior displacement of the body involves the ability of the calf muscles to stretch with inherent regulation of their activity. Of these muscles, the SOL has a predominant focus of activity consistent with its inherent α-motoneurons recruitment to dynamic stability of the ankle joint (Schneider et al., 2000) .
In a previous study, we have found that in a group of five subjects with stroke history evaluated at mid-stance subphase of gait, four presented higher electromyographic activity (EMGa) of the SOL muscle in the contralateral (CONTRA) limb of the lesion of stroke and therefore predominantly impaired (Silva et al., 2011) . However, sub-cortical injuries located at the internal capsule level, with dysfunction of the ventral-medial systems, may justify changes in the activity also in ipsilateral (IPSI) limb that may compromise the comparison between the CONTRA in relation to the IPSI as a control.
Several authors have reported that the changes observed in the gait pattern during the acute phase after stroke is due to a decrease in muscle strength, whereas biomechanical factors are the major cause of that changes in a post-acute phase (Lamontagne et al. 2002; Cruz, 2009 ). Proprioceptive sensory organs, i.e. spindles and Golgi tendon organs (GTO), play a key role in the proprioception of movement (Giullio et al., 2009) .
During the mid-stance sub-phase, the modulation of afferent receptor type II and Ib allow an adequate tension regulation of the calf muscles according to the length variation without losing its postural stability ability (Giullio et al., 2009) . It is known that only the active muscles promote afferent information from the neuromuscular spindle and GTO, among other mechanical receptors, to the central nervous system (CNS) (Raine et al., 2009 ).
In the beginning of the sequence from standing to sitting, the modulation of the calf muscles activity should allow the forward translation of the tibia in relation to the foot. The initial phase of this sequence depends on the modulation of Ib afferent fibers to allow the adjustable relation tension/length compatible with the maintenance of an antigravity postural control. Sitting requires the control of eccentric muscle contraction to allow the subject to control the descending of the body without a visual guidance (Roy et al., 2006) . Therefore, the main purpose of this work was to analyze the behavior of the SOL EMGa, during stand to sit, in CONTRA and IPSI of stroke subjects and compare it to healthy subjects.
METHODS

Participants
This study included two groups: (1) the "healthy group" and (2) the "stroke subjects" group.
The "healthy subjects" group consisted of 10 individuals (six female and four male) with no history of neurological and/or orthopedic disorders. In this group were included subjects with age between 30 to 65 years that could be classified as sedentary persons according to the Centre for Disease Control for the American College of Sports Medicine (Thompson, 2001) .
The "stroke subjects" group was formed by ten subjects (four female and six male) that suffered one isquemic stroke episode that resulted in hemiparesis. As inclusion criteria were also required that: the stroke episode involves an injury in the territory irrigated by the middle cerebral artery (MCA), namely the internal capsule (confirmed by brain computerized axial tomography), and an Fugl-Meyer Assessment of Sensorimotor Recovery After Stroke scale score inferior to 34 (Lamontagne et al., 2002) .
The exclusion criteria assumed for both groups were: inability to perform sit to stand and stand to sit sequences independently; basic cognitive functions compromised (assessed by the Mini-Mental State Examination); history of other neurologic diseases (Parkinson disease, pontine and/or cerebellar lesions, sensory impairment); diabetes; thrombophlebitis; history of lower limb surgery and any orthopedic or rheumatoid conditions interfering with sit to stand and stand to sit sequences; and subjects that were under medication that could affect the motor performance.
Both groups show homogeneity in terms of age and height (Table 1) .
This study was approved by the Ethics Committee of the Institutions involved. All subjects gave their informed consent according to the Declaration of Helsinki.
Instruments
For the lower limb evaluation, the corresponding part of the adapted version to the Portuguese population of the FuglMeyer Assessment of Sensorimotor Recovery After Stroke was applied. The EMG signal was acquired and processed using the MP 150 Workstation model from Biopac Systems, Inc. (USA), and the Acqknowledge software (Biopac Systems, Inc. USA). A force plate, model FP4060-10 from Bertec Corporation (U.S.A), connected to a Bertec AM 6300 amplifier, with default gains, connected to a Biopac 16 bit analogical-digital converter and adopting a 1000 Hz sampling rate, was used to acquire the ground reaction force.
Procedures 2.3.1 Electrode placement
Immediately before the electrode placement, the skin was prepared to reduce the impedance to a level equal or inferior to 5 KΩ (Camargos et al., 2009; Cheng et al., 2004; Correia & Mil-Homens, 2004 ).
The electrode placement followed the recommendations of the European collection for Surface Electromyography (SENIAM) for the SOL muscle, being at the first ⅔ of the line joining the medial condyle of the femur and the medial malleolus. The ground electrode was placed over the olecranon.
Measurement
After an explanation about the procedures, the subjects in barefoot and using shorts were instructed to maintain a standing position on the force platform with the arms parallel to the body (according to each subject aptitude) for 30 seconds. Subjects were instructed to initiate the movement of sitting after the verbal command "You may sit" (Cheng et al. 2004; Galli et al. 2008) . A plinth was placed in height adjusted to 100% of the lower leg length (from the knee joint to the ground), as a reference for the subjects to assume the sitting position.
The individuals were instructed to perform the task at a normal speed without using the upper limbs or move their feet (Dubost et al. 2005) , while maintaining a visual reference placed 2 meters away. One minute rest between each trial was adopted, and the necessary repetitions were performed in order to obtain three valid trials. On the stroke subjects group, both members were analyzed simultaneously, while on the healthy group each member was randomly selected. Electromyographic data were collected at 1000 Hz.
Data analysis
The raw EMG signal and the force plate data was processed using the Acqknowledge software. The raw EMG signal was filtered by a band-pass filter of 20 Hz and 500 Hz, and smoothed using a root mean square (RMS) algorithm (Lamontagne et al. 2000; Lamontagne et al. 2001; Billot et al. 2010) . The signal from the force plate was also processed, using a low pass filter of 10 Hz, and the force values were normalized according to the weight of each subject (Turns et al. 2007 ).
The moment onset, defined as time zero (T0), and the final phase were recognized using the anteroposterior component of groun reaction force (F AP ). The beginning of sitting was defined as the time at which the signal exceeded the M+2SD (mean value plus twice the standard deviation value) value of the basal activity, during a time interval equal or superior to 50 ms. The final phase was defined as the time at which the F AP changed its direction ( Figure  1 ).
The onset of SOL relatively to T0 was identified by EMG, a rest interval was selected from -500 to +500 ms, being registered the M and SD values. The beginning of the muscular activity was defined by the interval of time when the EMG signal exceeds the M+2SD value of the basal activity, during a time interval equal or superior to 50 ms. The SOL EMGa magnitude was registered at the time interval studied. The obtained values were normalized to the muscle's maximum activity peak for the functional activity under study (Lamontagne et al. 2002) .
All procedures were performed for each trial, having the arithmetic mean of the values obtained for each variable in three satisfactory trials been calculated. To ensure the reproducibility of the technique and reduce operator error, the data acquisition was performed always by the same investigator (Galli et al. 2008) .
STATISTICS
Using descriptive statistics, the measures of central tendency (M) and dispersion (SD) for the magnitude of SOL EMG activity were calculated.
Considering the reduced size of both sample groups (n =10), it was assumed that the variables did not follow a normal distribution. Thus, the Wilcoxon Signed Rank Test was applied to compare the magnitude of SOL EMG activity between both lower limbs in stroke subjects, and the Mann Whitney test to compare the stroke with healthy subjects, using the Statistical Package for the Social Sciences (SPSS -IBM, USA). Differences with p<0.05 were considered statistically significant.
R ESULTS
In order to assess their variability, the "healthy subjects" and "stroke subjects" groups were characterized in relation to age, weight and height. As one can verify from Table 1 , both groups were homogeneous in terms of age (p=0.724) and height (p=0.343). The weight was higher in stroke subjects (p=0.004). Moreover, the stroke subjects group shows a time evolution superior to two years.
The results concerned to the relative EMGa of the SOL in both limbs of stroke subjects and in healthy subjects are represented in Figures 2 and 3 , respectively. The mean values of SOL EMGa were higher for the healthy subjects than the ones obtained in IPSI and CONTRA limb in stroke subjects. However, significance differences were only found between the IPSI and aleatory limb of healthy subjects (p=0.035). When comparing IPSI and CONTRA SOL EMGa, the results demonstrated that the mean values were higher in CONTRA limb comparing to the IPSI limb in stroke subjects, but this was not statistical significant (p=0.333). .
DISCUSSION
Previous studies show higher values of SOL EMGa during middle stance phase in the CONTRA limb to the side of the lesion (Silva et al. 2011) . In spite of the non existence of statistical significantly differences, this finding leads to the need of verifying if during the execution of a task that demands a modulation of the SOL (according to length variation), like standing to sit, this tendency would be also maintained. This requirement is supported by Loram et al. (2007) when they state that the term passive can have absence of muscle activity but also the absence of activity modulation. Thus, the fact that there was EMG activity does not exclude the possibility of an alteration or even an absence of modulation which, according to the same authors, is a condition included in the passive postural control designations.
Studying the behavior of SOL muscle in the terminal stance phase and in the initial contact sub-phase would not be illustrative of the result of modulation of these afferents. In the terminal sub-phase the main requirement is related to an increased muscle power, and in the initial contact by an increase in the tibial anterior muscle activity (Gefen, 2001 ).
The choice of the sequence from standing to sitting on its initial part, when occurs forward translation of the tibia in relation to the foot, associated to an anterior displacement of the center of pressure, is justified by the necessity of the modulation of afferent information by the GTO. Therefore, it can be hypothesized that, in this task, the antigravity stability, dependent from SOL modulation in relation to length and tension variation, is similar to the middle stance phase.
Our results do not show statistical significant differences between CONTRA and IPSI limb from SOL EMGa, in stroke subjects. It is important to note that the normalization procedure used in this study can be related to the non statistical significant results, since it can remove the true biological variation between measurements (Allison et al., 1993; Knutson et al., 1994) . However, mean values were higher in CONTRA (23%) in relation to IPSI (17%) maintaining the tendency observed in our previous study (Silva et al., 2011) . It should be noted that when in comparison to healthy subjects, the differences observed in stroke subjects between the limbs results from a decreased of SOL EMGa in IPSI limb and not from an increased of SOL EMGa in CONTRA limb. The statistical differences found between IPSI and healthy subjects may reflect less activity of SOL in IPSI limb, and can be explained with a possible lesion of corticalreticular system or a dysfunction of the reticular spinal system that is connected with postural control and has an ipsilateral disposition. So, these results can be justified by the involvement of the ipsilateral pathways that influence the postural control of muscles in IPSI limb, as the SOL. This results contradicted the idea that the main differences between stroke subjects and healthy subjects resides in CONTRA limb; however, the major part of the existent studies (Mazzaro et al., 2007; Roy et al., 2006) do not assess the possible differences between IPSI and healthy subjects, which difficult the discussion of the results. Also, the studies that considered IPSI limb did not acquired the EMGa of SOL muscle; for a review, see (Olney and Richards, 1996) .
Based on the fact that the stroke subjects showed a decreased of SOL EMGa in IPSI limb relatively to the healthy subjects, some clinical hypothesis can be formulated. To improve the functional movement, the therapeutic decisions must consider the need to promote a better postural control of the IPSI limb and do not be only focused on the CONTRA limb.
The understanding of the results obtained can be complemented with a discussion about the relationship between muscle activity and length variation. The largest source of proprioceptive information to the CNS results from the variation of muscle length ensuing from their muscle activity variations (Giullio et al. 2009) . It is our believe that in standing to sitting the contribution of afferent fiber type Ib is crucial for the occurrence of modulation of muscle activity observed by the EMGa. This perception reinforces the need to assess the modulation of Ia and Ib afferent fibers through the register of the Hoffmann reflex during this task. The register of the SOL muscle length variation through the use of the ultrasonography may also allow this further study. 
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